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T is inconceivable that anyone today could write an 

eight-page paper which would revolutionize a sci- 
ence and change analytical practices in every country 
for half a century or more—yet that is exactly what 
happened in the case of the Norwegian J. Bjerknes 
and his brief paper “On the Structure of Moving Cy- 
clones,” which he began in the late summer of 1918 
and sent to the publisher in November 1918 (1). 

The model of an extratropical cyclone which was 
presented in this extraordinary paper has, with slight 
modifications, appeared in nearly every textbook or 

Vilhelm Bjerknes manual of general or synoptic meteorology and on 
‘ 1862-1951 ; every surface weather map during the past 30 years. 
“et St Sas eee Seay" Wherever detailed data on clouds, precipitation, or 
. | I , 
surface discontinuities in the basic meteorological ele- 
ments are lacking, the average weather map analyst merely superimposes this classic pat- 
tern on the existing data. 

Sverre Petterssen (2), E. Gold (3), A. Kh. Khrgian (4), and many other writers attest 
to the fact that no other event in the present century has made such an impact on the prac- 
tice or even the theory of synoptic meteorology as has the publication of this brief, yet remark- 
ably mature monograph which represented the fruition of a decade of hydrodynamic and syn- 
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The path of Typhoon Kit through Luzon in the Philippines. Location of reconnaissance fixes are 
indicated; times are Greenwich Mean Time on 10-16 November 1957. 


The First Flyover of a Tropical Cyclone 


Lr. Cor. Rospert C. BuNpGAARD, USAF, 


OR the flying weatherman of the Third 

Weather Reconnaissance Squadron, Pro- 
visional, the mission was a new one, never 
previously tried. It was their task to conduct 
a reconnaissance of Typhoon Kit from above 
and inside the eye of the storm and to produce 
a film record of her violence through means 
of a Perkin-Elmer Model-501 tracking cam- 
era. This horizon-to-horizon aerial camera 
would wipe Kit’s image onto 70 mm film with 
a continuously-rotating scanning-prism. The 
Model-501 is small and light enough to be 
carried aloft by the U-2 jet aircraft, which 
are operated by the Air Weather Service in 
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Hqs, 10th Weather Group 


support of.the National Advisory Committee 
for Aeronautics’ upper-air research program. 
To Americans back home, last year’s Ty- 
phoon Kit in the Pacific is probably not 
cloaked with as much ill-repute as was her 
eldest sister Agnes which earlier brought 
havoc and destruction to our military installa- 
tions in Okinawa. But Kit is well remem- 
bered in the Republic of Philippines. Strik- 
ing on the day of the recent presidential 
election, Kit behaved very much unlike our 
Lady of Liberty, and suspended the exercise 
of their constitutional right to vote for up- 
wards of a million citizens of the Republic. 
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Fic. 2. Vertically above the eye of Typhoon Kit. The storm center is located at 19°30'N and 
123°35’E. This picture was taken at approximately 0422 GMT on 14 November 1957. It is an 
unconstituted mosaic of aerial photographs taken from the WRSP/3, U-2 aircraft. The U-2 
traversed the center of the eye on a 235° heading. This traverse is the mid-vertical of this picture 
from top to bottom. Along this mid-vertical appears a 39 nautical-mile length of cloudscape. 
From top to bottom of this picture, the middle-third continuously depicts a nearly correct vertically 
downward view toward the sea and clouds below. From side to side, however, the picture falls 
gradually off toward the horizons. The left side of the picture is toward the west-northwestern 
horizon. At the time of this picture, which is approximately one hour and a half after local noon, 
Kit is headed northward, which is toward the top of the picture and slightly to the left (N. B. the 
compass directly in this figure). The large bowl-shaped appearance of Kit’s eye is approximately 
30 miles in diameter. Kidney-shaped, the darkened strips are portions of the sea surface visible 
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through cloud-free moats. A fetch of transverse sea waves may be seen in the fleur-de-lis shaped 
moat just to the left of the picture’s center. The tops of the cloud turrets at the upper middle 
of the picture are at 48,000 feet. Along the right of the picture and curving counterclockwise in 
from the upper left corner is a sheet of high cloud. As this cloud spirals cyclonically into the eye’s 
center, it appears to sink and dissipate, as part of an upper indraft ventilating the typhoon center. 
This high cloud is also represented by the dotted shading in figure 3. Congruent with this picture 
in figure 2 and having the same orientation and coverage, figure 3 shows also for the storm center 
the horizontal streamlines indicated by the apparent motion and structure of the clouds, as shown 
in this picture, figure 2. 

Fic. 3. A horizontal steamline analysis made of the cloud picture in figure 2 for the eye of 


Typhoon Kit. This figure has exactly the same areal extent and orientation as figure 2. This 
figure shows that within Kit’s eye there are nine small cyclonic swirls, marked by the “C’s.” 
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Surveyed in her aftermath, Kit wrought 
over $5 million damage to public works, priv- 
ate property, the maturing rice and palay 
crops. She rendered some 58,900 persons 
homeless, probably many more. Miracu- 
lously, despite her viciousness, she claimed 
the lives of only 39 persons. Yet, for all her 
waste, suffering, and lives lost, Typhoon Kit 
could well have led to a far greater catas- 
trophe, were it not for the typhoon warnings 
promptly and amply provided days in ad- 
vance by the dependable WB-5O aircraft of 
Lt. Colonel Howard Berg’s 54th Weather 
Reconnaissance Squadron, based at Andersen 
Air Base on Guam. 

Meandering westward over the Eastern 
Caroline Islands during the early days of 
November 1957, the South Pacific tradewinds, 
it might be presumed, momentarily wobbled 
and recurved northward, spanking rotation 
and life into a small depression there. The 
mothering trades then nursed this slowly- 
spinning depression with her moisture-en- 
riched hot breath. Doddering westward at- 
tached to the trades’ apron strings, the whirl 
progressively strengthened and grew to gain 
full storm intensity. On the morning of No- 
vember 8th, Colonel Berg’s vigilant typhoon- 
chasers first spotted the storm practically in 
their own backyard, just 170 miles south- 
southwest of Guam. It was already spewing 
50-mile-per-hour winds. By that same after- 
noon, the storm had intensified into a full- 
blown typhoon, and the watching of Kit by 
the 54th began. 

Typhoon Kit plowed west-northwest at 20 
mph. toward the Philippines, 930 miles away. 
Riding herd on Kit during the next three days 
of fatiguing and teeth-chattering flights, the 
54th weather crews twelve times boxed the 
typhoon and penetrated into its very eye. 
Little did these flying weathermen suspect 
that fate had destined that a crew was soon 
to be lost in these very same waters; for just 
two months later a WB-50 from the 54th 
disappeared into Typhoon Ophelia, following 
Kit’s same path, and was never heard from 
again. 

On November 11th, the eve of the Philip- 
pines national elections, Kit packed 200 mph. 
surface winds, only a day out of Luzon. De- 
spite the fury of these howling winds, the 54th 
continued to look three times more into Kit’s 
bewitching eye, as she skirted north past 
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Catanduanes Island, passed within 60 miles to 
the north of the Bicol Peninsula, and until at 
last she poised to stab into east central Luzon 
at Baler Bay. 

As Kit travelled inland, the rugged moun- 
tain terrain of Luzon took a lot of wind out 
of her, at least in the lower part of the 


typhoon. Steered under the influence of the 
upper southerlies, Kit now curved abruptly 
northward into a parabolic swing, barely side- 
swiping Clark Air Base. Apparently with the 
prophetic power that would be the envy of 
even the greatest of soothsayers, USAF ty- 
phoon forecasters had gathered at Clark Air 
Base from all over the Far East and were 
midway through a two-week Typhoon Work- 
shop, led by Professor C. S. Ramage and 
Major James Sadler of the University of 
Hawaii. The workshoppers followed Kit 
closely, predicting her movement by various 
techniques. Only one technique successfully 
called for Kit’s sudden swing northward 
through Luzon after her four-day trek west- 
ward. This technique is an empirical method 
recently developed by Keith Veigas and Rob- 
ert Miller at the Travelers Weather Research 
Center under the leadership of Dr. Thomas 
Malone. 

Noon the next day, after exhausting her 
strength in battering the Luzon land cap, Kit 
bid her pallam, or adieu, and slipped out of 
the Ilocos coast, at a point 30 miles east of 
the coastal city of Aparri, at the Cagayan 
delta. Now subdued, erratic Kit turned back 
to the Pacific, zigzagging sluggishly northward 
and skirting east of the Batanes Islands. 

But now, as Typhoon Kit threatened to 
recurve to the northeast in the direction of 
Okinawa, the responsibility for watching her 
passed to the 56th Weather Reconnaissance 
Squadron and the 3rd Weather Reconnais- 
sance Squadron, Provisional, both units based 
in Japan. Again the WB-50 was dispatched 
to keep a watchful eye on Kit. The suspense 
of such flights was now beginning to appear 
among the personnel of the 3rd Squadron. 

By noon on the 14th, Typhoon Kit had 
reached a critically interesting, degenerative 
stage. Few opportunities had thus far been 
afforded scientists for studying the manner in 
which typhoons dissipate into tropical storms, 
thence into tropical depressions, or some- 
times into fast-moving, sub-tropical cyclones. 
Occasionally, typhoons temporarily weaken 
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into separate storms, such as Kit did, only 
to be reborn again as typhoons. Scientists 
had long hoped for an opportunity of examin- 
ing a typhoon from above with the hope that 
it might shed some light upon which of these 
dissipating atmospheric processes future man 
might alter in order to control typhoons. 

So, as Kit mauled indecisively at 20°N and 
123°E, Dr. Robert D. Fletcher, past president 
of the American Meteorological Society and 
currently visiting the 3rd Squadron, suggested 
that now was the time to dispatch one of the 
U-2 research aircraft to peer down at Kit. 
Approaching the storm area the recon-pilot 
was guided by giant cloud “streets” spiraling 
in toward a coliseum-like wall of nimbostratus 
surrounding Kit’s eye. In the wide converg- 
ing sectors between these towering squall 
bands, a floor of soft flat clouds hid the ocean 
from the pilot’s view. Climbing into the 
storm center, the U-2 hedge-hopped over the 
towering 48,000-foot cloud wall around the 
eye. Once within this wall at 10 miles above 
the ocean’s surface, the pilot saw the angried 
ocean far below him and waves were clearly 
visible through long moat-like arcs, clear of 
cloud. Downdrafts of hot air had gouged 
out these moats at the eye-wall’s very edge. 
Looking much like the froth on a boiling 
caldron, a large island of low-lying and hard, 
cauliflowery clouds blearied Kit’s eye. Around 
an island-like hub-cloud, the eye cloud 
churned in smaller, cat-eyed swirls. The pilot 


counted nine such cat eyes within the center 
area of Kit. These false-eyes, like parasites, 
were consuming the dying typhoon, much in 
the manner so aptly described in 1922 by 
L. F. Richardson, on page 66 in his fa- 
mous book, Weather Prediction by Numerical 
Process. 


Big whirls have little whirls that feed on 
their velocity, 

And little whirls have lesser whirls and 
so on to viscosity. 


Thus, the primary motion of Kit formed by 
the instability of large-scale vertical and hori- 
zontal motions, when subjected to destabiliz- 
ing processes through loss of moisture supply 
in passing over Luzon, now led to the creation 
of secondary smaller whirls. These false-eyes 
were partly of a dynamic nature, caused by 
the disorganization of Kit’s kinetic energy, 
and partly of the thermal type. 

Here, then, was the eye of Kit, the first 
ever seen in its entirety. The mission had 
been accomplished. The furor of Kit was 
now recorded on film. Kit was dying a nor- 
mal death, but in her last gasping breaths 
she had provided scientists with a new area 
of interest. The 3rd Squadron had also found 
an entirely new mission to perform. Through 
the willingness of NACA to utilize the U-2 
in flights over typhoons, the way had been 
opened for a better understanding of Nature’s 
most disastrous storms. 


TABLE I 


CoNCISE WEATHER REPORT FROM THE PHILIPPINES IN 
CONNECTION WITH THE PASSAGE OF KIT 


1. Barometric Minimum at MSL ..... 937.0 mb at 0000Z, November 11 and 
921.0 mb at 0600Z, November 11 


2. Maximum sustained winds: 


No oS ek ee ee wae 80 miles per hour at Virac, Catanduanes, and 
Casiguran, Quezon, at 2200Z, November 10, 
and 1600Z, November 12, respectively; 100 
miles per hour at San Vicente Quezon, at 
1900Z, November 11 


i UU WE. oc vide wusccdiscvione 200 miles per hour at 0600Z on November 11 
3. Maximum 24-hour rainfall ........ 16.66 inches at Baler, Quezon, on November 12 
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The main Hawaiian Islands 

with an inset showing 

Maui, the scene of the 
1957 ice storm. 




















Tropical Ice Storms— Winter Invades Hawaii 


W. Gordon WYLIE, 
U. S. Weather Bureau, Airport Station, Honolulu 


LTHOUGH the entire Hawaiian Archipel- 
A ago extends some 1,300 miles from the 
Island of Hawaii west-northwestward to Mid- 
way Island, the main group of inhabited 
islands lies entirely within the geographical 
Tropics. During the “winter” season the 
free-air freezing level is usually found near 
the 12,000-foot level over much of the area, 
and on the Island of Hawaii snow is quite 
common on the very tops of Mauna Loa and 
Mauna Kea, two volcanic peaks which rise 
almost 14,000 feet from the sea. 


SNow 


Snow accumulations are generally light, as 
under the usual tradewind regime the air at 
such altitudes is quite dry. Only during so- 
called “kona” storms is there a deep layer of 
moist air over the islands permitting relatively 
heavy snows to occur; and there are some 
winters which are free of such storms. AIl- 
though relatively inaccessible, the top of 
Mauna Kea (which has much smoother ter- 
rain than still-active Mauna Loa) is occa- 
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sionally the scene of a “ski meet” held by 
small groups of hardy folk. 

Snow occasionally occurs as low as 8,000 
feet, and on Maui, the island adjacent to and 
northwest of Hawaii, one of the rangers at 
the Haleakala station of Hawaii National 
Park, who was born and raised on that island, 
states that he once saw what apparently was 
snow, briefly, on the very top peak of western 
Maui, whose elevation is only 5,788 feet. 
This is another. virtually inaccessible point. 

On the eastern portion of the island of 
Maui there is a readily accessible point at 
which snow occasionally falls. This is at the 
higher elevations on the southwest rim of 
Haleakala’s vast deep crater—highest point 
just over 10,000 ft. Haleakala is an inactive 
volcano whose top portion is a part of Hawaii 
National Park. 


FROST 
Frost is not uncommon above elevations of 
5,000 ft. on Maui and Hawaii—occurring on 
clear, quiet winter nights when the air over 
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the area is considerably colder than usual and 
relatively dry. This condition often prevails 
during the infrequent periods (often post- 
frontal) of a west to northwest flow aloft over 
the Territory. 


IcE STORMS 


Another manifestation of winter, the ice 
storm, was not generally known to have ever 
occurred in Hawaii until a heavy coating of 
clear ice accumulated on the top of Haleakala 
on 7-9 February 1957. Investigation brought 
to light that, while this was probably the 
worst ice storm ever remembered, ice storms 
of moderate intensity occur there occasionally. 
According to the head electrical engineer of 
Maui Electric Company, which has main- 
tained a power line into that area for approxi- 
mately 15 years, ice storms are not uncommon 
above the 9,000-foot level, with an average 
occurrence of about one a year. Some years 
none has occurred while during others several 
have been noted. About once every 4 or 5 
years ice accumulates sufficiently on power 


Ice-laden power lines tum- 

ble atop Mt. Haleakala on 

Maui. Photo by Hawaii 
National Park. 
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lines to cause breakage. What brought this 
particular storm of 1957 to public attention 
was the first interruption of television trans- 
mission from antennas which were erected 
near the top of the mountain about two 
years ago. 


THE FEBRUARY 1957 StoRM 


During all known previous storms (again, 
unfortunately, by local recollection rather 
than factual record) ice has generally failed 
to form on roads and ground surfaces. Only 
wires, poles, railing, which could rapidly as- 
sume the same temperature as the air, had 
previously acquired a coating of ice. During 
the February 1957 storm, ice formed on all 
exposed surfaces. It was preceded by five 
days of cloudy, cold weather at the summit 
with little solar heating to warm the ground, 
which apparently reached a temperature of 
at least freezing by the time ice began to 
form. During this period the air temperature 
was reported to have been generally several 
degrees below freezing at the summit, but was 
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probably never less than 24°F. No rainfall 
measurements are made at the summit, but 
substantial amounts were reported from the 
Ranger Station at 7,030 ft. m.s.l. on the 
northwest slope. 

While an extended period of cloudy weather 
at this point is not uncommon, although far 
from being usual, such a prolonged period 
associated with a trade or near tradewind 
flow, combined with unusually cold air near 
the -10,000-foot level, is believed to be quite 
rare. Prolonged cloudiness at this and higher 
elevations is almost always associated with 
“kona” weather, during which the general 
wind flow is from a southerly direction, and 
hence relatively warm. 

During the storm in question, the bulk of 
the ice seems to have accumulated during the 
night of the 8th and the early morning hours 
of the 9th. Up to three inches accumulated 
generally with as much as eight inches on the 
downwind (S-SW) side of poles. All wit- 
nesses state that the ice was clear. No evi- 
dence of rime was observed. 

Sunshine broke through on the 9th and the 
ground ice apparently melted rapidly. Ice 
on poles, wires, and railings persisted much 
longer, with freezing conditions likely on sub- 
sequent nights. On the 12th, when the au- 
thor visited Maui, there was still some ice 
remaining on the north side of rocks and a 
concrete building at the very summit. 

During the preceding five days, the islands 
of Maui and Hawaii were located at the 
terminus of a sharp upper-level trough ex- 
tending generally southwestward from the 
northwestern portion of the United States 
mainland. 

During most of the time, the free-air freez- 
ing level over the islands was a bit over 
10,000 feet, although there may have been 
times when it was somewhat lower. Ascent 
curve (1) on page 87 shows the coldest sound- 
ing taken at Hilo. It touches the 32° F line 
at 9,200 feet although the primary freezing 
level is at 10,600 feet. The Air Weather 
Service Petrel Hotel reconnaissance track, 
which is usually covered once a day, lies to 
the north of the islands. The nearest drop- 
sonde is made at a position approximately 
450 nautical miles northwest of Maui. The 
coldest sounding made at this position during 
this period indicated a freezing level of almost 
exactly 9,000 ft. m.s.]. 
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This strong flow of cold air from the north- 
northeast was basically quite dry and was 
being warmed dynamically above the 6,000— 
7,000-foot levels. Surface layers below the 
subsidence inversion naturally picked up con- 
siderable moisture in moving over progres- 
sively warmer waters. Soundings made at 
Lihue, Kauai, during this period indicate that 
the relatively moist air prevailed only to 
about 6,000 feet cver that part of the Terri- 
tory. Ahead of the trough the depth of the 
moist air was much greater. Conditions be- 
fore and after the passage of the upper trough 
at Hilo are shown on page 87. 

Rainfall during the period of interest at 
Lihue, Hilo, the Haleakala Ranger Station, 
and Paakea, a gage at about the 1200-foot 
level on the northeast slope of Haleakala, is 
given in table I.. Twenty-four hour totals 
are as of 0800 of the day indicated. At 
Lihue a tradewind-type of warm rain occurred 
exclusively as the subsiding air to the rear 
of the trough maintained a weak to moderate 
inversion at about 6,000 ft. The heavier 





Ice accumulations endanger a TV antenna on Mt. 
Haleakala. Photo by Ted Yoshizawa. 
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rain on Maui and Hawaii is evidence of the 
greater depth of moist air over those islands, 
but it by no means fell exclusively from 
clouds above the freezing level. Nowhere in 
the information and data obtained is there 
evidence pointing to the eventual accumula- 
tion of heavy ice being due to rain falling 
from higher clouds through a layer of colder 
air. In fact, at the time the ice occurred all 
evidence points to there being very little 
cloudiness above the 10,000-foot level. 




















TABLE I 

— | Paakea Hilo Lihue 
| = 

February 5 0.86” | 4.20” | 1.78” | 0.60” 
6 1.75” 4.50” | 1.65” | 0.14” 

7 1.32” | 0.96” | 0.42” | 0.02” 

8 0.83” | 0.54” | 1.08” | 0.24” 

9 2.38” | 0.23” | 0.22” | 0.06” 

Average Annual $3” 214” | 140” | 42” 








In attempting to explain why the air 
temperature over Haleakala was apparently 
considerably lower than that indicated at 
corresponding heights on available upper-air 
soundings from nearby points, we come up 
against the problem of just what effect cooling 
by orographic uplift and evaporation of rain 
in a strong flow produces, and how much the 
release of latent heat of condensation and 
fusion would counteract this cooling. It is 
not the purpose here to go into that problem 
quantitatively, but it is obvious that the 
former greatly outweighs the latter. It is 
felt that orographic upslope was the most 
essential condition necessary for substantially 
lowering the freezing level. Similar instances 
have been reported in meteorological litera- 
ture. 

During the early February ice storm the 
Maui Electric Company suffered a half-dozen 
broken wooden power line poles with about 
three miles of line down. Two television 
antenna installations, which are used not only 
for local Maui broadcasts but also for relay 
of transmissions from Honolulu to Hilo, suf- 
fered moderate damage to receiving and 
transmitting elements and coaxial lead-in 
cables. A CAA radio relay station sustained 
minor damage to directional and whip an- 
tennas. The television installations and the 
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Upper-air soundings at Hilo for 1500 GMT on 
9-10 February. The 700 mb. level is about 
10,000 ft. altitude. 


radio relay station are within about one mile 
of each other, one being above the 9,500- 
foot level. 

Those interviewed indicated that it was the 
combination of ice and the strong wind that 
caused most of the damage; either one sepa- 
rately would have been much less destructive. 
One of the CAA employees, who had to re- 
main overnight at the relay station, estimated 
peak gusts to have been near 100 mph. 

The television installations are situated in 
a saddle area immediately in lee of the highest 
point and were semi-protected from the strong 
NNE winds. However, this location worked 
to their disadvantage about two weeks later 
when strong west-northwest winds, which 
reached 50—55 knots at the 10,000-foot level, 
prevailed over the Territory for nearly 24 
hours. This flow was normal to the saddle 
ridge line and was undoubtedly greatly ac- 
celerated over that particular point. Again 
ice up to 1 inch in thickness formed and this 
time one of the antennas was felled. Lacking 
any first-hand reports on this storm, the fol- 
lowing is quoted from a local paper of 22 
February 1957: 


(Continued on page 90) 


WEATHERWISE 87 





Photo by C. Lemaster & nuts - 


A view in its formative stages of the funnel about 50 miles southwest of Kansas City. 
impeded good photography at Kansas City. 





Darkness 
Photo by Charles Lemaster. 


Inside the Kansas City Tornado 


ROBERT JACKSON, Kansas City, AND 


STuART G. BIGLER, 


Department of Oceanography & Meteorology, 
Texas A. & M. College 


SURVEY of the literature brings to light 

only four first-hand accounts of persons 
who have had the fearful experience of look- 
ing up into the vortex of a tornado. The 
following has been extracted from the narra- 
tive of Mr. Robert Jackson, General Manager 
of the DeBacker Chevrolet Co., who, during 
the Kansas City tornado of 20 May 1957, 
found himself standing within the funnel of 
this storm. The tornado formed in eastern 
Kansas and moved a distance of 71 miles into 
the southern suburbs of the city (2). 


We heard the radio broadcasts which were 
describing the progress of the tornado and 
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several of us went out in front of our building 
when it seemed to be getting fairly close. 
The first indication was the sound which we 
heard about 10 minutes before the tornado 
reached us. It was a rumbling, pulsating roar 
like a jet airplane warming up for take-off. 
The tornado came into view and it looked 
like a big black smudge extending from the 
cloud base to the ground. The outside was a 
boiling mass. A few very large drops of rain 
fell before the tornado reached us, but no 
hail. The cloud base was moving pretty fast. 
We stood and watched the tornado come 
toward us, not thinking it would actually hit 
us. It kept coming closer and looking bigger 
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and then we decided we were in danger, so 
some people began driving away in automo- 
biles. Others went down to the basement of 
our building. I stayed in front and watched 
until it was close enough that I could see 
debris in the air. A fairly good breeze from 
the south or southwest began to blow. I had 
a car spotted on the used car lot and I ran 
and jumped in. There were no keys. I got 
into another car, but to my consternation, 
there were no keys in it either. I looked to- 
ward the tornado and saw houses only two 
blocks away to the southwest begin to fly 
apart. They would be there one minute and 
gone the next. I ran to the basement door 
at the side of our building, but it was locked. 
I couldn’t rouse anybody to let me in because 
everyone was under automobiles and work 
benches. I ran northeast away from our 
building and fell to the ground behind a tree, 
with my feet extended. 

By this time the tornado had approached 
to just across the street, about 150 feet away, 
and I saw it pick up several cars and throw 
them 30 to 40 feet in the air, one of them 
sailing right along with the wind around the 
outside of the funnel. The tornado came on 
across the street and our building began to fly 
apart before my eyes. A house to my right 
lifted off its foundation in one piece, then 
disintegrated, and wood flew everywhere. 

Then I got my first good view of the bot- 
tom of the tornado. It was very black, just 
like mud. The first strong wind, carrying 


mud and water, probably from a puddle about 
50 feet away, began to hit me. It started 
slapping me on both sides. Several times my 
feet were lifted off the ground and straight 
above me, and then banged onto the ground. 
It didn’t last long enough for my arms to 
get tired, but I kept losing my hold. 

Then the blackness disappeared, the wind 
decreased to a near calm, and it became light. 
I thought the tornado had actually gone over, 
so I stood up and looked around. I felt that 
I was about to be picked up into the storm, 
but, at the same time, I felt “heavy.” I 
looked up and I could see this white column 
and I realized I was looking up into the core 
of the tornado. I can’t describe it, it was 
the most awesome thing. This column just 
mounted right straight into the heavens. It 
was bent toward the northeast up to about 
200 to 300 feet, then straightened out and 
went straight up. I couldn’t see any whirling 
at all. A lot of people have asked me, but 
I can’t remember seeing anything whirling 
around in it. There weren’t any lightning 
flashes, thunder, or anything of that sort. I 
don’t remember any sound or temperature 
change while it was over me, but maybe that 
was because I was scared and wasn’t too 
aware of sound or temperature. I don’t know 
how long I was inside the tornado, but I 
quickly lay down again, and grabbed ahold 
of the roots. 

Then the back half hit me and it was black 
and smudgy again, dirt whipping through the 





An antenna support wrecked in Kansas by the 20 May 1957 tornado, and a close-up of the twisted 


steel. 
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Photo by Charles Lemaster. 
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air, and automobiles hitting up and down. 
I remember that my shoes were about to come 
off my feet and I kept working my feet be- 
cause I didn’t want to lose my shoes for some 
crazy reason. The wind was from the west 
this time, and of the same strength as before, 
and it finally tore me loose from the tree. 
The next thing I remember was turning off 
an automobile horn in a car along the road. 
I watched the tornado hit the big water tower 
dead center, but the tower didn’t fall. Then 
a second wind hit me. I could hardly stand 
up against it, but it lasted only a few seconds, 
then it was calm. I thought it must be a 
follow-wind and didn’t look up to see if a 
second funnel had passed over. 

I was filth from head to foot; it took three 
baths before I got the mud off me and small 
rocks out of my ears. I had a few cuts and 
scratches on me and the crystal of my watch 
was broken. 


Mr. Jackson’s position behind the tree was 
along the south side of the path. The tree 
was stripped of its branches and only the 
trunk remained. Except for the observations 
within the funnel itself, the information here 
has been verified by other independent wit- 
nesses. Although no one specifically saw a 
second funnel in this area, most witnesses 
said, and some photographs verified, that one 
or more funnels of short duration were present 
very close to the main funnel at different 
places along the path. The complete inter- 
view from which this story has been extracted 
is contained in the Final Report of the Tor- 
nado Damage Surveys Project, Texas A. & M. 
College (1). 


REFERENCES 


1. Bigler, Stuart G., Tornado Damage Surveys— 
Final Report With Interviews Reporting the 
Kansas City Tornado of 20 May 1957, Final 
Report under U. S. Weather Bureau Contract 
Cwb-9116, Department of Oceanography and 
Meteorology, Texas A. & M. College, College 
Station, Texas, 1957. 

2. Williams, D. T., and H. H. Hanks, “The Path of 
the Kansas-Missouri Tornado of May 20, 1957,” 
Monthly Weather Review, Vol. 85 (1957): 205- 
206. 


90 WEATHERWISE 





Tropical Ice Storms 
(Continued from page 87) 


“The KMAU-TV antenna collapsed at 4 
p.m. Wednesday. The wind blew so hard 
the tower fell and ripped out of its cement 
block base. The combination of wind and 
rain deposited a layer of ice an inch thick 
on the power lines going up Haleakala sum- 
mit. Yesterday morning the thermometer 
fell to 20 degrees (Fahrenheit), Thomas E. 
Whitcraft, assistant superintendent of the 
Haleakala section of Hawaii National Park, 
said. 

“ “Unbearable’ cold hindered Maui Electric 
Company repairmen, said Tyson Benson, 
company engineer. He said the Civil Aero- 
nautics Administration station on Haleakala 
was without power but was functioning 
with emergency diesel generators.” 


Here again we can only speculate as to the 
character of the air mass as it was modified 
by strong upslope flow over the mountain. 
However, moist unstable air below a moderate 
inversion, as indicated on the 0300 GMT 
Hilo sounding of 21 February, could probably 
account for cloud tops near 11,000 ft. and a 
freezing level of 9,500—9,800 ft. 

This last storm was actually the third oc- 
currence of ice on Haleakala in the 1956—57 
winter season since a light accumulation oc- 
curred in December without damage. 


Lightning Photography 
(Continued from page 95) 


Evidently these three bolts struck at almost 
the same instant, with the bolt at the right 
probably being the last, and the two at the 
left occurring at about the same time. At 
any rate, they lit up the lake beautifully. 
Plenty of brush on all three. This is the 
best picture of lightning which I have ever 
secured. I have never since managed to get 
the proper combination of weather, location, 
and luck. 

Taking lightning pictures is not without its 
hazards. I have been knocked down twice by 
bolts striking nearby. Exposed as one is, at- 
tempting this, one makes a tempting target. 
And don’t think for one instant that lightning 
has to come out of a cloud. It can come 
equally well right “out of the blue,” especially 
just ahead of a squall line. 
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Letters to the Editor 


Sir: Despite the several months that have passed 
since your kindly and intriguing invitation to say 
what we think of Weatherwise (last December’s 
issue), I’d still like to write you my comments, if 
it isn’t too late. 

1. I particularly like the tables, maps, and articles 
summarizing the weather—typical, narrative histor- 
ical, and unusual. Examples are the Weatherwatch 
series and Climatological Extremes. 

2. I like educational articles. Please consider this 
suggestion. Do you realize the potential you have 
for technical education of your readers? It may be 
somebody’s policy not to expand the magazine into 
a text book, on the basis that the library has text 
books. But the majority of your readers are only 
human and in my case at least, the best intentions 
in the world still won’t physically move me down to 
the library. Whereas, Weatherwise is brought to me, 
by the mailman. Even the most uninterested person 
will skim through his mail. 

I realize you have some educational articles. I’m 
speaking of the more low-powered simple, textural 
material of the “Introduction to Meteorology” type. 
(For example, I have trouble identifying clouds. 
How about a series of photographs showing the 
range of forms that, say, altocumulus can take, those 
forms that are marginal, and those forms that aren’t 
altocumulus, but are sometimes mistaken for them? 
Or, how about a glossary of meteorological terms?) 

I’m getting into details here. I hope I haven't 
confused my main point above, which is that you, 
at least, have a semi-captive audience, which is more 
than a library can say if nobody goes to the library. 
It’s true I’m lazily asking for my education on a 
silver platter, but appreciate the fact that at least 
I am asking; and make the most of it. 

3. I like a smattering of the other articles—news 
items, special features, current trends, etc. 

4. I like the technical and professional level of the 
magazine (which doesn’t necessarily have to be 
weakened by my suggestion on more educational 
articles). Sometimes the writing is pretty awful 
though. Take the intrinsically interesting material in 
last August’s issue entitled “Once-in-a-Hundred-Year 
Rainstorm,” deadened and dulled by damn poor 
writing, and contrast it with the style in December’s 
article, “The Washington and Jefferson Snowstorm.” 
You will know what I mean. 

5. I like the size of the magazine, page layout, and 
variety in type face, if anybody cares for that. 

Since our subscription is in my husband’s name 
and he hasn’t given me permission to write you, may 
I get away without signing my name. 

But, very best wishes, 


HovusEWwIFE 
Middle Grove, N. Y. 


Sir: The following is a true account of an 
unusual meteorological phenomenon which oc- 
curred at 3:45 P.M. on Wednesday, April 16, 
1958 at 1823 Hooker St., Denver 4, Colorado. 
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The sky was partly cloudy with alto cumu- 
lus, temperature 74°, relative humidity 18% 
(as recorded by instruments located one foot 
above the ground on the north side of the 
house), the barometer 29.84”, and the wind 
from the south. 

A dust-devil or whirlwind, definitely not a 
tornado, appeared about 50 yards to the west 
of the above residence, picking up papers, 
dust, and debris and carrying it aloft about 
1000 feet. In the back yard of the above 
house is an accumulation of building mate- 
rials, and as the dust-devil passed over the 
pile, it picked up a 29” long two by four 
piece of wood and hurled it 50 feet through 
the air and into a window of the house. It 
also picked up a sled, carried it to the other 
side of a wood pile. Several large planks, 
about 8” xX 34” X 8’ were carried into the 
next yard, hitting a small boy on the head 
and knocking him down. A small dog was 
lifted off the ground about one foot. After 
the dust-devil reached the wood pile it veered 
to the left and went off in a NE direction for 
about 50 more yards before it disappeared 
over some houses. 

My barograph is located in the NW corner 
of the house. This was where the dust-devil 
made its closest approach to the house. It is 
estimated that the center of the dust-devil 
passed within 10 to 30 feet of the barograph, 
causing a light dip of the pen of about .03”. 
Since all the windows were closed and the 
dust-devil passed over so quickly, the true 
pressure in the center of the dust-devil must 
have been considerably lower. 

The wind velocity must have been much 
over 60 mph because during the past winter 
60 mph winds failed to dislodge any of the 
material thrown about by this dust-devil. 

My wife, who was inside of the house at 
the time, said the noise was frightening. 

The above account was related to me by 
three eye witnesses. 

RicHArD C, DUBLE 
1823 Hooker Ave. 
Denver 4, Colo. 


P.S. I am sending the above to you because 
in my 20 years of interest in meteorology I 
have never run across an account of any dust- 
devil with this amount of energy. If you 
know of any similar instances I would like to 
know about them. 
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Weather Rambles 





IvAN W. Brunk, U. S. Weather Bureau, Chicago, Illinois 


ARE Our WINTERS CHANGING? 


(477°HE frequency and severity of the cold 
Tau that have visited the southern 
portion of the United States in late years, 
have led a number of people to make inquiry 
as to what are the reasonable expectations for 
the future? Is it probable that a more or 
less permanent change in the character of the 
winters has taken place? This problem is 
important, since it involves a possible read- 
justment of present economic conditions. 

“The impression that the climate is chang- 
ing is partly due to the fact that in recent 
times an account of every severe frost and 
freeze that occurs in the South is sent broad- 
cast to all parts of the country; whereas, 
during earlier times no record was preserved 
except for the very severe freezes. This very 
lack of information respecting the earlier 
minor freezes prevents us in a measure from 
asserting in a more positive manner a rule 
of climate that appears to be common to all 
parts of the United States, viz., that periods 
of great refrigeration generally extend over 
several years.”’ 

The preceding sentences are word-for-word 
quotations from a short article written nearly 
60 years ago which appeared in the Decem- 
ber 1898, Monthly Weather Review, and help 
illustrate the time-worn adage that there is 
nothing new under the sun. The article con- 
cludes as follows: “. . . cold years are likely 
to be followed by years of similar character 
separated by one or more warm years, . . . but 
we should not forget that this conclusion is 
not based on sufficient data to establish it 
firmly.” 


O.tpEst CONSULTING METEOROLOGIST 


Harry T. Johnson of Chicago, Illinois, now 
approaching the ripe old age of 88 years, is 
probably the oldest consulting meteorologist 
in the world, not only from the standpoint of 
age, but also with regard to length of service. 
For the past 60 years Mr. Johnson has made 
his living from the weather and the grain 
market. In his youth he won several prizes 
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writing essays on weather and studied al- 
manacs and all information that he could find 
relating to meteorology, which in those days 
was very meager. 

Mr. Johnson served as an observer in the 
Weather Bureau at Chattanooga, Pittsburgh, 
Jacksonville, and Chicago. His assignment 
in Chicago was under the late well-known 
Prof. Cox. Mr. Johnson resigned from the 
Weather Bureau in 1902 in order to trade in 
the grain market, and he has been a member 
at one time or another of the Chicago Board 
of Trade and the Open Board of Trade. His 
forecasting ability is highly regarded in the 
grain trade, and he has worked for a number 
of firms. For his success, and in order to 
bring up a family of four boys, Mr. Johnson 
depended upon his ability to study and fore- 
cast weather, which was really his dife’s oc- 
cupation. 

For the past 26 years Mr. Johnson has been 
employed as a weather consultant by the 
UhImann Grain Company. Mr. Richard 
Uhlmann, president of this organization, 
states that Mr. Johnson seems to have a nat- 
ural feeling for weather conditions, that dur- 
ing doubtful situations he is not afraid to 
stick his neck out, and that his forecasts 
frequently hit the nail on the head. Mr. 
Johnson attributes his longevity, at least in 
part, to the fact that he has attended almost 
every beauty contest in Atlantic City in the 
past 25 years. 

BEN FRANKLIN Was LucKy 

A number of persons have been killed by 
lightning while flying kites in an effort to 
duplicate Benjamin Franklin’s famous experi- 
ment of 1752. His classic kite flight was very 
foolhardy, even though he did not know it. 
It is fortunate that he was not killed, since 
wet kite strings provide an excellent path for 
lightning strokes. However, in fairness to 
Franklin, it should be pointed out that he 
endeavored to make the experiment as safe 
as possible by standing under some cover so 
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that the lower part of the silk ribbon would 
not become wet. 

In the days of kite meteorological observa- 
tions, the large box kites were held up by 
fine piano wire. To reduce the danger from 
lightning, a good ground was made from the 
wire or reel to the wet soil, and the kite 
operators kept themselves as dry as possible 
and avoided cgntact with the wire or string. 
During thunderstorm conditions the thin steel 
wire was sometimes observed to disintegrate 
into a streak of rusty smoke. Information 
is not available as to whether there were any 
fatalities among the ranks of these brave 
meteorological pioneers—but probably not the 
first to be told to “go fly a kite.” 

Kites were used for many years to obtain 
meteorological information. One of the first 
attempts to use a kite for scientific purposes 
was made by Dr. Alexander Wilson, Edin- 
burgh, Scotland, in 1749 when his kite carried 
thermometers aloft to measure the tempera- 
ture of the atmosphere. In 1898 a total of 
17 Weather Bureau stations were equipped 
for daily kite ascensions, carrying aloft a 
meteorograph which recorded the weather ele- 
ments. The kite wire used in the kite flights 
was of the highest grade of steel, 0.028-inch 
in diameter, having a tensile strength of about 
210 pounds, or at the rate of about 350,000 
pounds to the square inch. 

The kite carried its own weight—8 pounds; 
meteorograph—2 pounds; and the steel wire 
kite line which amounted to 20 or 30 pounds 
in high ascensions. The greatest altitude to 
which instruments were raised by kites at 
Mount Weather, Virginia, was 23,835 feet, 
on 5 May 1910. This record ascension used 
10 kites in tandem and eight and one-half 
miles of kite wire. 


PopuLAR TELEPHONE NUMBERS 


The busiest telephones in the United States 
are the automatic telephone weather numbers 
in operation in some cities. The volume of 
calls received by these automatic telephones 
is so large that, on the average, one out of 
every 300 telephone calls made daily in the 
entire United States is to one of these num- 
bers, and yet these are in operation in only 
eleven cities. The federal tax on the average 
daily total of around one-half million calls 
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to these telephones off-sets a part of the cost 
of the operation of the U. S. Weather Bureau. 

WEather 4-1212 in Chicago is typical of 
these automatic weather telephones. If the 
Weather Bureau had to answer all of these 
calls in person, it would need a staff of more 
than 500 on duty in Chicago at all times. 
More than 20 million calls per year are 
placed to WEather 4-1212 in Chicago, and 
the daily total depends largely upon weather 
conditions. More calls are received on days 
when the weather is bad, or when it is ex- 
tremely hot or cold. 

In 1957 the greatest daily total was 268,084 
on July 12th during a record-breaking rain. 
The lowest daily total in 1957 was 20,247 on 
Sunday, October 13th. The record total for 
any day was 359,257 on 27 July 1955, when 
the mercury soared to 100°. The next highest 
daily total was 292,082 on 29 January 1951, 
when the temperature dipped to 10° below 
zero. 


PROSPECTIVE METEOROLOGISTS 


Paul J. Rhodes, meteorologist of the 
Weather Bureau at Oak Ridge, Tennessee, 
spoke to a group of Cub Scouts and Rainbow 
Girls on a recent occasion. It is reported that 
he discussed Weather Bureau activities and 
meteorology in general, and demonstrated 
some meteorological instruments. During his 
talk, he passed out paper and suggested that 
the group write out any questions they might 
have. The results were highly enlightening, 
and also show the attitudes of the 9-to-11- 
year-old group toward the profession of me- 
teorology. 


How do you no when it is going to rain? 

How do you know when a tornado? 

How long do you work? 

How dose a torand] stort. 

What do clouds have to do with hell 
(hail?) 

How can you be a weather man. 

How far does the transmitter in the radio- 
sonde transmitt. 

Do you have to learn to read clouds before 
you can be airplane pilot. 

Can a ship get away from a Hurricane. 
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Lightning 
Photography 


THEODORE SKONNORD 
1436 Sixth Ave., 
South Fargo, North Dakota 


HE accompanying photographs were taken 

with a German-made Eastman camera 
fitted with f 4.5 lense. All pictures were 
time exposures, with aperture wide open. 
Film was Eastman, Super XX. 

The taking of lightning pictures is simple 
enough. A good lense, set at infinity, or just 
a trifle shorter, takes care of the distance. 
One can use an f 4.5 lense wide open, and 
faster lenses stopped down to this aperture. 
This is with such film as Kodak Super XX, 
or any film with exposure index of 100 day- 
light. With the newer Kodak tri-X film, 
which has an index of 200, one may safely 
stop down to f 5.6. It is a time exposure 
matter! Set the camera where you expect to 
see lightning; open the shutter; and after a 
good bolt shut it. You will be working com- 
pletely in the dark, and will need a good 
tripod or other solid support. The rest is 
luck. You will use up a lot of film. Pictures 
will need enlarging, depending upon circum- 
stances, and this matter is best handled by 
the person who took the pictures. One does 
not get “close-ups” of lightning—it would 
ruin the film. Do not use a filter. 

I favor a camera capable of taking a fairly 
large picture. These were taken using a 9 by 
12 cm. film. A 4” by 5” would have been 
even better. This will simplify your enlarge- 
ment problems. All discussion pertains to 
“black and white”’ pictures. 

Lightning pictures are among the most ex- 
asperating of all pictures to get. The con- 
ditions are almost always invariably wrong. 
Driving clouds, low flying “scud,” wind, scat- 
tering rain or mist, and other troubles plague 
a person trying to secure a picture. In addi- 
tion, one must have a clear horizon, with no 
obstructions nearby. Altogether, it requires 
a combination of weather, location, and, most 
of all, luck, to get a series of pictures worth 
anything. 

These pictures were taken at Pelican Lake, 
Pelican Rapids, Minnesota, in August of 
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1953; time, after midnight, about 12:30 a.m. 
Since I had not taken my tripod along, I had 
to rest my camera on a concrete block. It so 
happens that I use many such concrete blocks 
to hold down my lake dock, because this lake 
is subject to sudden squalls. The lake is 
about seven miles long, and averages about 
two miles wide. But the lake lies in a gen- 
erally west to east direction, and hence is sub- 
ject to prevailing winds which build up the 
waves, and tear out shore installations quite 
frequently during the summer. 

Following is a brief description of these 
four pictures, and how I interpret these pic- 
tures, though I do not pretend to be an expert 
on the behavior of lightning. I should ap- 
preciate comments by others, in their think- 
ing, after examining these pictures. 

Bear in mind that this was a moonless 
night, clear at the time, overhead and east- 
ward, though somewhat dimmed by moisture 
in the air. The rather ominous looking bank 
of clouds was approaching rapidly from the 
west. Time—shortly after midnight. 

Picture No. 1: Bolt nearest center bright 
enough to leave a light track on the lake. 
The bolt to immediate right probably a half- 
mile more distant, and emerging from obscur- 
ing clouds. Of interest is the pattern in up- 
per left, which shows lightning play from 
cloud to cloud. 

Picture No. 2: Storm closer. Development 
of a strong bolt through overhanging clouds. 
Notice the odd path this bolt follows, evi- 
dently following a path of least resistance. 
Note also the absence of “brush” bolts stem- 
ming from main bolt, but which fail to reach 
the ground. 

Picture No. 3: I consider this a most puz- 
zling picture. Try to interpret the loop on 
the right side of the main bolt. Note the 
short, and sometimes not so short, “brush” 
on the sides of the main bolt. In general, 
most heavy discharges which possess enough 
potential to reach the ground will be deco- 
rated with this “brush.” These will not be 
seen with the naked eye—it takes the camera 
to pick them up. A good lightning bolt is 
quite a “hairy” affair. 

Picture No. 4 (See front cover): The storm 
at this time was much closer, though the 
lightning was striking about 14 to 2 miles 
away. Sky overhead completely overcast. 


(Continued on page 90) 
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A Selective Bibliography in Meteorology 


This book list in meteorology was prepared by Mrs. Evro Layton of the 
American Meteorological Society headquarters. A second installment will 
appear in the August issue. Some out-of-print books have been included, 
due to their importance, since they may be found in many libraries. New 
titles will be listed in Weatherwise periodically. 


POPULAR: Abbe, Truman, Professor Abbe and the Isobars: The Story of Cleveland 
Abbe, America’s First Weatherman. New York, Vantage Press, 1955. 259 p. 
$3.50. Biography of a man and his efforts to initiate daily weather predictions 
in 1869 and his attempts to make the Government weather conscious. 


Bolton, J., The Wind and the Weather. Past, Present and Future. New York, 
Thomas Y. Crowell, 1957. 277 p. $3.95. Covers many subjects connected 
with post-war weather service: IGY, satellites, atomic explosions and the 
weather, hurricane reconnaissance, tornado research, military meteorology, etc. 


Brooks, C. F., Why the Weather. Rev. ed. New York, Harcourt, Brace, 1935. 
$4.75. Descriptive. Excellent for high school students. Discusses actual 
weather conditions, normal and unusual, throughout U. S. by seasons. 


Fisher, R. M., How to Know and Predict the Weather. New York, American 
Library of World Literature, 1953. 167 p. (Mentor book M84.) $0.50. 
Originally published by Harper in 1951 under the title: How about the 
Weather. New revision in preparation. 


Forrester, Frank H., 1001 Questions Answered about the Weather. New York, 
Dodd Mead, 1957. 419 p. $6.00. Questions about the weather and how 
it is predicted for the layman and amateur. Good selective bibliography. 


Hare, F. K., The Restless Atmosphere. New York, Rinehart, 1953. 192 p. 
$1.50. Text on synoptic climatology dealing with climates of America and 
Europe and the Tropics; illustrations by weather maps for typical situations 
which prevail under different air mass movements. 


Holland, D. J., Weather Inference for Beginners; Made Clear in a Series of Actual 
Examples. New York, Cambridge University Press, 1953. 196 p. $6.00. 
Codes, weather types, thermodynamics of the atmosphere, fog, thunderstorms, 
visibility, convection, stability, radiation, air masses, winds, synoptic charts 
for British locale. 


Inwards, R., Weather Lore. Edited by E. L. Hawke. London, Rider, 1950. 
251 p. $2.10. By far the best collection of classic weather rules and adages 
culled from the world’s literature. 


Kimble, George H. T., Our American Weather. New York, McGraw-Hill, 1955. 
322 p. $4.75. The typical weather of each month is discussed in individual 
chapters along with the extremes which may occur. Entertaining and infor- 
mative. 


Krick, I. P., and R. Fleming, Sun, Sea and Sky; Weather in Our World and in 
Our Lives. Philadelphia, Lippincott, 1954. 248 p. $3.95. Practice of rain- 
making emphasized. Also new developments in meteorology discussed. 


Laird, Charles, and Ruth Laird, Weathercasting. A Handbook of Amateur 
Meteorology. Englewood Cliffs, N. J., Prentice-Hall, 1955. 163 p. $3.95. 
For amateur meteorologists. Explains principles of observing, forecasting, 
construction of weather instruments, etc. 
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Lehr, Paul E., R. Will Burnett, and Herbert S. Zim, Weather: Air Masses, Clouds, 
Rainfall, Storms, Weather Maps, Climate. New York, Simon and Schuster, 
1957. (Golden Nature Guide.) 160 p. Cloth $1.95, paper $1.00. What 
makes the weather, how studied and forecast. Elementary guide to meteoro- 
logical phenomena and processes with beautiful color illustrations. 


Longstreth, T. M., Understanding the Weather. New York, Macmillan, 1953. 
118 p. $2.50. This is a revision of his Knowing the Weather published in 
1943. Aspects of meteorology and climatology discussed as well as amateur 
observing and forecasting. 


Murchie, G., Song of the Sky. Cambridge, Mass., Houghton-Mifflin, 1954. 438 
p. $5.00. Glorifies and romanticizes science and nature. Exciting and read- 
able text covering many aspects of navigation and aeronautical meteorology. 


Sloane, Eric, Book of Storms. New York, Duell, Sloane and Pearce, 1956. $3.50. 
By means of many charts and diagrams, Sloane explains the dynamics of cold 
and warm fronts, hurricanes, tornadoes, dust storms, thunderstorms, etc. 


Sloane, Eric, Eric Sloane’s Almanac and Weather Forecaster. New York, Duell, 
Sloane and Pearce, 1955. 169 p. $3.50. Week-by-week account of the 
weather as experienced by the author in rural New England. 


Sloane, Eric, Eric Sloane’s Weather Book. New York, Duell, Sloane and Pearce, 
1952. $3.75. A coordinated collection of Eric Sloane’s well-known weather 
illustrations and cartoons with appropriate text. Will be appreciated by 
all ages. 


Spar, Jerome, The Way of the Weather. Mankato, Minn., Creative Educational 
Society, 1957. 224 p. $4.95. In cooperation with the American Museum 
of Natural History. For both elementary science and general science students. 
Reviews weather across U. S., weather for each season, weather forecasting 
instruments, etc. Excellent illustrations. 


Stewart, G. R., Storm. New York, Modern Library (254), 1941. $1.65. The 
life history of a storm from mature typhoon to extra-tropical stage. Relates 
with dramatic impact its effect on California. Originally published by 
Random House, 1941. 


Yates, R. F., Weather for a Hobby, a Guide to the Construction and Use of 
Weather Instruments Intended for Amateurs. Rev. ed. New York, Dodd 
Mead, 1946. 181 p. $3.00. Excellent basic material with diagrams and 
charts for building a home observatory from feadily available materials. 


ELEMENTARY TEXTS: Best, A. C., Physics in Meteorology. New York, Pitman, 
1957. 159 p. (Pitman’s Applied Physics Series.) $3.75. Elementary. 
Meteorology covered in eight chapters. Weather forecaster takes part in a 
physical experiment in which the whole world is the laboratory. 


Blair, Thomas A., and Robert C. Fite, Weather Elements: A Text in Elementary 
Meteorology. New York, Prentice-Hall, 1957. 414 p. $6.75. Textbook 
furnishing basic knowledge of weather elements for students and those who 
wish an understanding of the weather. 


Boy Scouts of America, Weather. New York, Boy Scouts of America, 1952. 
Merit badge instruction booklet. 
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Day, John A., and Fred W. Decker, Rudiments of Weather. Corvallis, Oregon, 
O.S.C. Cooperative Assoc., 1955. $3.50. Story of our energetic atmosphere. 
Text suitable for student who has not necessarily studied college physics and 
mathematics. “Quiz yourself’ pages. 


Donn, W. L., Meteorology—With Marine Applications. (2d ed.) New York, 
McGraw-Hill, 1951. 465 p. $6.25. General introduction to meteorology 
for marine deck officers. Observational and theoretical aspects of basic 
weather elements considered. 


Great Britain—Meteorological Office, Meteorology for Mariners, with a Section 
on Oceanography. London, Her Maijesty’s Stationery Office, 1956. 274 p. 
$2.80. Good textbook for students or seamen. Marine aspects of meteorol- 
ogy, climatology, and forecasting. 


Halpine, C. G., and H. H. Taylor, Mariner’s Meteorology. Princeton, Van Nos- 
strand, 1956. 371 p. $8.00 (text ed. $6.00). A textbook for naval officers 
and others interested in marine aspects of atmospheric behavior with special 
emphasis on forecasting and observing the sea. 


Neuberger, H.,,and F. B. Stephens, Weather and Man. New York, Prentice-Hall, 
1948. 272 p. $3.75. An introductory text section is followed by a descrip- 
tion of how weather affects man in his private and business life. Elementary 
text suitable for college survey or home study. 


Neuberger, H., /ntroduction to Physical Meteorology. University Park, Pa., 
Penna. State University, 1951. 271 p. $3.50. Provides a basic understand- 
ing of the physical principles where most American texts are weak. 





Panofsky, Hans, /ntroduction to Dynamic Meteorology. Univ. Park, Penna. State 

University, 1956. 243 p. $3.50. Primarily for forecasters who would like 

to review dynamic meteorology with special emphasis on the physical basis 

of numerical forecasting. Also suitable for college students on the junior and 
senior level. 


Petterssen, S., /ntroduction to Meteorology. New York, McGraw-Hill, 1941. 
236 p. $5.00. Simplified version of the author’s Weather Analysis and Fore- 
casting. An admirably concise presentation of the basic principles on which 
modern forecasting is based. 


Taylor, G. F., Elementary Meteorology. New York, Prentice-Hall, 1954. 364 p. 
$5.95. Up-to-date textbook in general meteorology for the undergraduate 
degree candidate. 


Wilson, J. R., and R. J. Hannelly, Meteorology: An Elementary Textbook. 
Phoenix, Printery Publishing Co., 1951. 92 p. $3.20. School price $2.40. 
A well-illustrated, concise textbook for a practical high school course in 
meteorology. 


ADVANCED TEXTS: Brooks, C. E. P., and Carruthers, N., Handbook of Statistical 
Methods in Meteorology. London, Her Majesty’s Stationery Office, 1953. 
412 p. (Air Ministry Met. Office 538.) $3.50. Thorough treatment of 
application of statistics to climatological or meteorological problems. 


Byers, H. R., General Meteorology. 2d ed. New York, McGraw-Hill, 1944. 
645 p. $9.00. General text treating the traditional concepts as well as 
modern developments in meteorology. 
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Godske, C. L., T. Bergeron, J. Bjerknes, and R. C. Bundgaard, Dynamic Meteorol- 
ogy and Weather Forecasting. Boston, American Meteorological Society, 
1957. 800 p. $15.00. Book divided into five parts: (1) Thermodynamics 
and statics of the atmosphere, (2) kinematics of the atmosphere, (3) hydro- 
dynamics of the atmosphere, (4) climatological and synoptic models, (5) 
weather forecasting. 


Haltiner, George J., and Frank L. Martin, Dynamical and Physical Meteorology. 
New York, McGraw-Hill, 1957. 470 p. $10.00. Well-organized and simple 
text for meteorology majors and practicing forecasters primarily interested in 
large-scale atmospheric motions. 


Haurwitz, Bernhard, Dynamic Meteorology. New York, McGraw-Hill, 1941. 
365 p. $7.50. A standard text for college courses. 


Humphreys, W. J., Physics of the Air. (3ded.) New York, McGraw-Hill, 1940. 
Out of print. A revision of an earlier work which contains much practical 
material not found in one volume elsewhere. 


Johnson, John C., Physical Meteorology. New York, Wiley, 1954. 393 p. 
$7.50. Detailed treatment of dynamic and physical meteorology: ionospheric 
physics, cloud physics and “rain-making,” radar meteorology, icing of aircraft, 
and meteorological optics. 


Panofsky, Hans, and Glenn W. Brier, Some Applications of Statistics to Meteorol- 
ogy. University Park, Pa., Penna. State University, 1958. 224 p. Aims at 
serving as textbook for meteorology students and to acquaint active forecasters 
and research personnel with modern statistical techniques. 


Petterssen, S., Weather Analysis and Forecasting. 2d ed. New York, McGraw- 
Hill, 1956. 2 v. v. 1. Motion and motion systems. 446 p. $8.50. v. 2. 
Weather and weather systems. 284 p. $6.00. A revision and expansion of 
an earlier work which brings thinking on this subject up-to-publication-date. 


Riehl, Herbert, Tropical Meteorology. New York, McGraw-Hill, 1954. 392 p. 
$8.50. Systematic treatment of weather, climatic, synoptic, and dynamic 
meteorology of tropical and subtropical regions. Well-illustrated. 


Saucier, W. J., Principles of Meteorological Analysis. Chicago, University of 
Chicago, 1955. 438 p. $10.00. Detailed text on meteorological analysis 
discussing its theory and methods of presentation. 


Sutton, O. G., Atmospheric Turbulence. 2d ed. New York, Wiley, 1955. 111 
p. $1.75. Pocket size text; deals with turbulence in general, the meteorology 
of the lower atmosphere, early theories, diffusion, eddies, and applications. 


Sutton, O. G., Micrometeorology: A Study of Physical Processes in the Lowest 
Layers of the Earth’s Atmosphere. New York, McGraw-Hill, 1953. 333 p. 
$8.50. Treats problems of turbulence, diffusion, evaporation, and local heating 
in the few feet above the ground where we and the plants and animals live. 


Willett, H. C., Descriptive Meteorology. New York, Academic Press, 1944. 310p. 
(New edition in preparation.) 
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SPECIAL SUBJECTS: Advisory Committee on Weather Control. Final Report of 
the Advisory Committee on Weather Control. Washington, Govt. Prnt. Off., 
1957. 2v. $2.75. V.1 contains the Committee’s findings and recommenda- 
tions. V. 2 contains detailed technical reports which in part form the basis 
for the findings and recommendations. An extensive bibliography (p. 322- 
396) on weather modification and cloud physics. 
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Bell, Corydon, Wonder of Snow. New York, Hill and Wang, 1957. $5.00. All 
about snow, from crystal to snow storm to glacier. Lively and informative. 


Byers, H. R., ed., Thunderstorm Electricity. Chicago, University of Chicago 
Press, 1953. $7.00. Consists of 16 contributions by experts doing research 
in atmospheric electricity. 


Chalmers, J. A., Atmospheric Electricity. New York, Pergamon, 1957. $10.00. 
327 p. Summary of up-to-date thinking about phenomena connected with 
atmospheric electricity. 


Dunn, G. E., and Banner I. Miller, Atlantic Hurricanes. Baton Rouge, La., 
Louisiana State University Press, 1958. (To be published late 1958.) 


Flora, S. D., Hailstorms of the United States. Norman, Okla., University of 
Oklahoma Press, 1956. $3.50. Hail losses in U. S. during the period 1944— 
53. Records of hail, types of hail, etc. 


Flora, S. D., Tornadoes of the United States. Norman, Okla., University” of 
Oklahoma Press, 1954. $3.50. Descriptive summary of tornadoes with lists 
by states of all principal tornado occurrences. Brings statistics of tornadoes 
up to June 1953. 


Hoyt, W. G., and W. B. Langbein, Floods. Princeton, Princeton University 
Press, 1955. 469 p. $7.50. Authoritative and readable book on flood his- 
tory, flood hydrology, and flood control. 


Ludlam, F. H., and R. S. Scorer. Cloud Study—A Pictorial Guide. Prepared 
under the auspices of the Royal Meteorological Society. New York, Mac- 
millan, 1957. 80p. $2.95. 


Mason, Basil John, The Physics of Clouds. New York, Oxford University, 1957. 
481 p. (Oxford Monographs on meteorology.) $11.20. 


Nakaya, Ukichiro, Snow Crystals—Natural and Artificial. Cambridge, Harvard 
University Press, 1954. 510 p. $10.00. On atmospheric conditions respon- 
sible for the wide variations in crystal formation assumed by snow crystals. 
Of interest to both professional and amateur meteorologists. Well illustrated 
with 514 figures and 40 tables. 


Proceedings of the Sixth Weather Radar Conference held at Cambridge, Mass., 
on March 26 through 28, 1957. Boston, American Meteorological Society, 
1957. 372 p. $10.00. Supplementary papers were later published as the 
Supplementary Proceedings and may be obtained at $2.00. 


Rue, E. Aubert de la, Man and the Winds. New York, Philosophical Library, 
1955. 224p. $6.00. A survey of winds all over the world showing how man 
has used or protected himself from or adapted his habitation to them. Popular. 
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Tannehill, I. R., Drought, Its Causes and Effects. Princeton, Princeton Univer- 
sity Press, 1947. 246 p. $3.75. Drought and accompanying phenomena 
described. Cycles, climate change, and weather control considered. 


Tannehill, I. R., Hurricanes: Their Nature and History. (9th ed.) Princeton, 
Princeton University Press, 1956. 308 p. $4.50. Historical account of 
hurricanes, their tracks, characteristics, and the damage resulting. Data 
brought up to 1955. 


Weickmann, Helmut, and Waldo Smith, eds., Artificial Stimulation of Rain; 
Proceedings of the First Conference on the Physics of Cloud and Precipitation 
Particles Held at Woods Hole Oceanographic Institution, Woods Hole, Massa- 
chusetts, September 7-10, 1955. New York, Pergamon, 1957. 443 p. 
$15.00. Reports and discussion of rain-making, characteristics of aerosols, 
condensation and coagulation, laboratory and field studies of crystal growth 
and nucleation, and thunderstorm electricity. 


World Meteorological Organization, Jnternational Cloud Atlas-Album. Geneva, 
Switzerland, The World Meteorological Organization, 1956. $0.95. Consists 
of 32 plates: 19 in black and white, 13 in color. Especially intended for pilots 
and airborne observers. 


World Meteorological Organization, Jnternational Cloud Atlas—Abridged Atlas. 
Geneva, Switzerland, The WMO, 1956. $1.85. Contains representative selec- 
tion of 72 plates from vol. 2: 42 in black and white and 30 in color, together 
with a brief descriptive and explanatory text to meet day-by-day needs of 
meteorological observers at surface stations. 


World Meteorological Organization, Jnternational Cloud Atlas. Geneva, Switzer- 
land, The WMO, 1956. 2v._ v. 1. $2.35; v. 2 $4.45. Replaces the former 
International Atlas on Clouds and Types of Sky which appeared in 1934. A 
collection of beautiful photographs in black and white and color showing 
various kinds of clouds. V. 1: comprehensive text with detailed descriptive 
study of clouds and methods and techniques of observing them. V. 2: collec- 
tion of 224 plates, 121 in black and white and 103 in color, illustrating text 
of Vol. 1. 


OBSERVING: Great Britain—Meteorological Office. Handbook of Meteorological 
Instruments. London, Her Majesty’s Stationery Office, 1956. 458 p. $6.30. 
Detailed information about construction, installation, correcting, recording, 
and maintenance. 


Great Britain—Meteorological Office. Obdserver’s Handbook. 2d ed. London, 
Her Majesty’s Stationery Office, 1956. 221 p. $2.10. Detailed information 
for making all types of professional meteorological observations. 


Haynes, B. C., Techniques of Observing the Weather. New York, Wiley, 1947. 
272 p. $4.90. An elementary discussion of basic instruments and how to 
make simple observations. 


Middleton, W. E. K., and A. F. Spilhaus, Meteorological Instruments. 3d rev. ed. 
Toronto, University of Toronto, 1953. 286 p. $11.50. Automatic weather 
stations, airplane reconnaissance, mobile weather stations, radiosondes and 
rawinsondes, and the uses of radar meteorology, as well as full discussion and 
critique of traditional weather instruments. 
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Middleton, W. E. K., Vision through the Atmosphere. Toronto, University of 
Toronto, 1952. 250 p. $10.00. Discussion of visibility under atmospheric 
conditions. 


Penman, H. L., Humidity. London, The Institute of Physics, 1955. (The Inst. 
of Physics—Monographs for students.) 71 p. $0.70. Treats systematically 
the various types of hygrometers, psychrometers, and humidity measuring 
devices. 


Spencer-Gregory, H., and E. Rourke, Hygrometry. New York, Pitman, 1957. 
269 p. $7.95. Historical survey of principles of and instrument for measur- 
ing relative humidity. 


Yafte, Charles, Dohrman Byers, and Andrew Hosey (eds.), Encyclopedia of 
Instrumentation for Industrial Hygiene. Ann Arbor, Institute of Industrial 
Health, 1956. 1234 p. Section III, pages 502-682, “Instruments specially 
designed for atmospheric pollution evaluation and meteorological measure- 
ments,’ contains descriptive catalogs of meteorological instrument manu- 
facturers. 





HANDBOOKS & WORKBOOKS: Berry, F. A., E. Bollay, and Norman R. Beers, 
Handbook of Meteorology. New York, McGraw-Hill, 1945. 1068 p. $13.50. 
Comprehensive handbook of 1945 vintage including bibliographies. 


Caudle, F. L., Workbook in Elementary Meteorology. New York, McGraw-Hill, 
1945. 191 p. $2.64. Designed to develop skill in map interpretation, de- 
coding of 1945-type weather reports, plotting of surface and balloon observa- 
tions, and handling meteorological mathematics problems. 


Huschke, Ralph E. (ed.), Glossary of Meteorology. Boston, American Meteoro- 
logical Society, 1958. To be published late 1958 under the sponsorship of 
the Department of Defense and the Weather Bureau. 


Kraght, P., Meteorology Workbook with Problems. Cambridge, Md., Cornell- 
Maritime Press, 1943. $2.50. Practical problems, quizzes, and map drawing 
exercises. 


Magill, Paul L., Francis R. Holden, Charles Ackley, and Frederick G. Sawyer 
(eds.), Air Pollution Handbook. New York, McGraw-Hill, 1956. 720 p. 
$15.00. Basic source material on all aspects of air pollution. 


Malone, T. F. (ed.), Compendinm of Meteorology. Boston, American Meteoro- 
logical Society, 1951. 1334 p. $12.00. Contains 108 articles which survey 
the 1951 status of the science and suggest future directions of research. In- 
dispensable as a reference work for the student. Excellent bibliographies. 


Pulk, E. S., and E. A. Murphy, Workbook for Weather Forecasting. New York, 
Prentice-Hall, 1950. 66 p. Map spotting and drawing exercises with actual 
maps for analysis. Out of print. 
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Polar Front Theory 


(Continued from cover 2) 


optic studies by V. Bjerknes, H. Solberg, J. 
Bjerknes, and associates at Stockholm (1908), 
Oslo (1908-13), Leipzig (1913-17), and 
Bergen (1917-58) (5). This group, known 
as the “Bergen School,” was able to carry on 
such valuable research because a rare circum- 
stance enabled this small group of fertile 
minds to be led by a man of unusual foresight 
and perspective. A subsidy from 1906 to 
1948 by the Carnegie Institution of Washing- 
ton from 1906-1948 gave continuity and sta- 
bility to the work. 

This year’s celebration of the 40th anni- 
versary of the Polar Front Theory (with a 
special Scandinavian-American meeting in 
Bergen, 19-25 June 1958) is dated from a 
special event on 15 August 1918, when J. 
Bjerknes first connected a warm front (steer- 
ing line) with the following cold front (squall 
line), thus producing the basic cyclone model 
(5). Later that year and during 1919, J. 
Bjerknes, H. Solberg, and V. Bijerknes, H. 
Solberg, and T. Bergeron made a number of 
extensions or refinements such as connecting 


a series of cyclonic fronts together to form 
a “family” of cyclones or waves on the “polar 
front,” later including the idea of the occluded 
front. This has developed into the present 
3-dimensional model of polar and mid-latitude 
air-masses, fronts, and cyclone-anticyclone 
systems (5) (6) (7). 


(1) Bjerknes, J., On the Structure of Moving 
Cyclones, Geofysiske Publikationer, Vol. 1, 
No. 2, Oslo, 1919. 8 p. 

(2) Petterssen, Sverre, Weather Analysis and 
Forecasting, First ed., New York, McGraw- 
Hill, 1940. pp. 304-308. 

(3) Gold, E., Fronts and Occlusions, Royal Me- 
teorological Society, Quarterly Journal, Vol. 
61, No. 259, pp. 107-157, April 1935. 

(4) Khrgian, A. Kh., Ocherki razvitiia Meteoro- 
logii (Notes on the evolution of Meteorol- 
ogy), Leningrad, 1948. pp. 262-264. 

(5) Godske, C. L., Bergeron, T., Bjerknes, J., and 
Bundgaard, R. C., Dynamic Meteorology 
and Weather Forecasting, Publ. by Ameri- 
can Meteorological Society and Carnegie In- 
stitution of Washington, Waverly Press, 
1957. p. 624. 

(6) Bjerknes, J. and H. Solberg, Meteorological 
Conditions for the Formation of Rain, 
Geofysiske Publikationer, Vol. 2, No. 3, 
1921. 60 pp. 

(7) Bjerknes, J. and H. Solberg, Life Cycle of 

Cyclones and the Polar Front Theory of 

Atmospheric Circulation, Geofysiske Pub- 

likationer, Vol. 3, No. 1, 1922. 17 pp. 
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Superlative and super-accurate, with both 0 
to 50, and 0 to 120 m.p.h. scales, permanently 
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Spring Marked by Great Contrasts 


The circulation pattern which produced the spec- 
tacular “Divided Nation” weather conditions of mid- 
winter 1957-58 (a very warm West and a very cold 
East) appeared to have neared the end of its life 
cycle by the 20th of February. All sections of the 
country looked forward to a change to more sea- 
sonable conditions from the existing abnormalities, 
whatever they might be. 

At this time the westerlies, which had been pushed 
far south of their normal track across the North 
American continent since January 12th by strong 
blocking in northeastern Canada, recovered their 
strength, and the resulting zonal flow from west to 
east restored temperatures to more normal levels. 
The increase of the westerlies, however, proved but 
an interlude of short duration. A North Pacific low, 
steered by the prevailing current, struck the Pacific 
Coast states a blow on 24-25 February and then 
rushed into the central Plains where it developed an 
intense cyclonic circulation with blizzard conditions. 

Though the westerlies were able to push several 
depressions into western Canada during the first days 
of March, after the 5th a high pressure area of great 
magnitude and extent appeared over the northern 
Hudson Bay region and proceeded to direct air traffic 
for the entire continent for the rest of the month. 
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Davip M. Luptum, Editor 


With north-south flow of air masses once again re- 
stored, depressions from the Pacific Ocean were 
forced to take a southerly detour in their trans- 
continental journeys: from the generating trough off 
the Pacific Coast, pressure impulses moved inland 
over southern Oregon and northern California, then 
pushed southeastward to Texas and the west Gulf 
states; still retaining their strength and vigor, they 
crossed the South Atlantic states and rushed up the 
Atlantic Coast as roaring northeasters. 

The strength of the Hudson Bay high throughout 
March usually ranged from 1036 to 1044 mb (30.60” 
to 30.80”), but on the 6th the initial anticyclone 
built up to 1052 mb (31.06”) when over Baffin 
Land. A secondary peak of 1045 mb (30.85”) was 
reached on the 16th just as the stage was being set 
for the development of the Eve of Spring Snow- 
storm in the Middle Atlantic states. Such a pres- 
sure build-up in the Canadian Arctic almost al- 
ways spells trouble for some distant spot in eastern 
United States. 

The outstanding characteristic of the great March 
anticyclone lay in its reluctance to move bodily 
southeastward. Though a long ridge often extended 
into the Mississippi Valley, neither the center nor a 
sub-center moved farther south than the southern 
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Departure of Average Temperature from normal 
in degrees Fahrenheit. USWB chart. 


shore of Hudson Bay. This stay-at-home attitude 
enabled the anticyclone to maintain its strength and 
to pour cold air streams into central and eastern 
United States at will after the passage of each pres- 
sure impulse. Each depression which detoured across 
southern United States thus found a ready supply of 
cold air both ahead and in its wake, to increase its 
thermal indigestion and to condense copious amounts 
of rain or snow. The semi-permanence of the Hud- 
son Bay high also accounts for the persistency of 
below normal mean temperatures over a large sec- 


Total Precipitation in inches. 
USWB chart. 


tion of the country, though without the occurrence 
of any extreme minima which doubtless would have 
occurred if the main body of such a strong high had 
decided to migrate southward on occasion. 

A glance at a chart of cyclone tracks for March 
demonstrates the all-powerfu! influence of the Hud- 
son Bay high. The only Alberta type lows occurred 
on the 2nd and 3rd when the index cycle was in flux. 
No lows moved up the usually heavily-traveled St. 


(Continued on page 108) 


The upper-air map below shows the pattern of air flow for March at about 10,000 feet, on which 


the average weather largely depends. 
pressure level. 


The contours lines represent the mean height of the 700 mb. 
Figures are in tens of feet: 1020 = 10,200 ft., 980 = 9,800 ft., ete. 


Chart by Ex- 


tended Forecast Section, USWB. 
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The upswing in the power of the westerlies noted 
at the end of March proved to be merely a short- 
lived fluctuation of about one week’s duration. By 
the 7th of April, as a storm area moved across the 
southern tier of states from California to Georgia, 
the westerly index slumped again and a flow with 
a north-south component along the lines of the 
meridians returned. 

The outstanding features of the March circulation 
maps continued in prominent positions during the 
first days of April. The blocking ridge over Hud- 
son Bay held strong for the first two weeks of April, 
again causing storms to detour over the southerly 
route in their eastward push from the Pacific to the 
Atlantic. The last of these storms moved across 
California on the 6th, and a changing pressure pat- 
tern became evident when an arm of the Pacific 
Ocean high moved inland and put an end to the 
rain, snow, and cloudy skies which had plagued the 
Golden West for six weeks. 

After the 14th, the almost semi-permanent Hudson 
Bay high was no longer a fixture on the daily sur- 
face weather maps. Its place was taken by a series 
of low pressure areas which proceded to sprawl 
from central Canada across to the Greenland-Iceland 
area. Thus mild air could once more flow in from 
the Pacific Ocean; the Canadian subarctic was effec- 
tively ventilated after a long period of consistently 
cold temperatures. The mild air stream across cen- 
tral and southern Canada prevented any further 
southward transport of polar air masses, to set the 
stage for a very warm period in the eastern two- 
thirds of the United States. The first warm anti- 
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cyclone of the spring season appeared on the scene, 
drifting from Missouri on the 16th southeastward to 
the Bahamas by the 20th, all the while encouraging 
warm air to move into the Middle West and East. 

After the 19th a rather deep low settled over Hud- 
son Bay with a trough extending first southward 
into the Mississippi Valley and then southwestward 
into the central Plains; this orientation permitted an 
active flow of southwesterly air to bring the first 
real intimation of spring to the winter-weary North- 
east. Though fronts from the central Canadian com- 
plex moved southeastward, their accompanying air 
masses showed little temperature or moisture dis- 
continuity with the air over the United States. 

As the month drew to a close, however, an active 
storm center developed over Kansas and Nebraska 
on the 27th in the trough which swung southwest- 
ward out of the Hudson Bay low. In the congenial 
atmosphere of the trough, the center moved north- 
northeastward on the 28-29th across Minnesota to 
Hudson Bay and developed considerable intensity. 
The vigor of this circulation was such that the west- 
erly flow across the country was interrupted and a 
rush of north winds behind the low brought a re- 
turn of winter to the central part of the country 
again. Temperatures along the border from Mon- 
tana eastward dropped to record low minima for so 
late in the season: + 5° in Minnesota and + 6° in 
North Dakota. 


TRANSCONTINENTAL STORMS—tThe first 
of the twin storms which crossed the continent in 
early April originated in the Pacific trough which 
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Departure of Average Temperature from normal 
in degrees Fahrenheit. USWB chart. 


lay ‘off the coast during the stormy period of March 
and early April. Its arrival on the Oregon coast was 
preceded by a period of heavy rains and gale force 
winds before a very active cold front swept south- 
eastward over Oregon and California on the 2nd and 
3rd. By noon of 4 April the storm had reformed in 
the vicinity of Denver. Early on the 5th the center 
with a pressure of 982 mb (29.00”) was in central 
Nebraska where it expanded in size and intensity 
until it dominated the circulation of the entire coun- 
try with the exception of the immediate coastal areas. 
Welcome rains fell over the northern Plains and up- 
per Mississippi Valley to break developing drought 
conditions. Snows accompanied the passage of the 
low in western South Dakota and Wyoming. 

The intensity of the circulation swept the frontal 


Total Precipitation in inches. 
USWB chart. 


system far to the east of the actual barometric cen- 
ter as a large warm air bulge rushed up from the 
Southwest. The warm air masses reached the At- 
lantic Coast on the 6th, causing very heavy precipi- 
tation in the Middle Atlantic states and New Eng- 
land as the warm, moist southwesterlies over-rode 
the lingering cold air hugging the coastal plain. 

Winds of gale force drove high tides against the 
New England coast from Cape Cod to Portland as 
a new center formed off the coast. It was the most 
severe battering for New England coastal points in a 
memorable winter marked by no less than twelve 
northeasters. 

The second of the transcontinental storms com- 
posed the last of the long series of pressure waves 
which had produced California’s most “unusual” 
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spring weather in many years. It brought the final 
installment on 5-6 April of the rains and snows 
which already had reached all-time April totals. 

From a landfall near San Francisco the storm cen- 
ter and trailing front swung in a long arc southeast- 
ward to Texas at a rather slow pace; light to moder- 
ate rains fell over the southern Rockies and Plains 
with a snow area in the western Plains. When the 
main center reached the Texas Panhandle area, an 
active secondary formed in the lower Rio Grande 
Valley on the 8th. It immediately took over the 
rain-making activities as it moved northeastward in 
the Gulf close to the coast. Very heavy rains fell in 
advance and immediately to the north of the storm 
track—Apalachicola received a deluge of 7.60” in 
24 hours from this small, but dynamic depression. 
Reaching northern Florida on the 9th, the center 
turned northward and moved over the coastal plain 
of Georgia and the Carolinas to the Virginia Capes, 
spreading heavy rains of an inch or more. But from 
Richmond northward to Boston rainfall amounts 
generally exceeded 1.50”. 

The center of action greatly increased in intensity 
as it approached New England from the south. (In- 
tense storms in April are no novelty to the region; 
Boston’s greatest tide was reached on 16 April 1851 
when Minot Ledge Lighthouse in Boston Harbor 
was swept away.) As the intensifying circulation 
drew in northeasterly currents, temperatures dropped 
close to freezing and rain changed to a wet snow 
from Pennsylvania to Maine. Snowfall amounts up 
to 8” were reported from Rhode Island. A fall of 
7” at Storrs, Connecticut, was the deepest for so late 
in the season, as was the 4” which fell at Providence, 
Rhode Island. 

The center of this storm traversed the Cape Cod 
and Nantucket area with a central pressure of 999 
mb (29.50”) on the 12th and twenty-four hours 
later was in Nova Scotia, just eight days after it 
had started its precipitating splurge in California. 





March (Continued from page 105) 


Lawrence Valley route. The behavior of storm cen- 
ters in the Northeast was marked by a tendency to 
become almost stationary or to perform complete 
loops when off the New England and Maritime 
Provinces coastline. The slow movement of the 
coastal snowstorm of the 18th-22nd and resultant 
heavy precipitation were directly related to the 
blocking influence of the Hudson Bay high. 

In the Far West Nevada formed an active area of 
cyclogenesis for pressure impulses to reorganize after 
crossing the mountains of California. From the Pla- 
teau the storm track ran southeastward to the Gulf 
of Mexico and then eastward to cross Georgia. Such 
a path proved an effectual block to the movement 
of tropical air masses of the Gulf of Mexico seeking 
to probe northward. The absence of Gulf air in 
quantity over the Mississippi Valley resulted in a 
dearth of turbulence, severe local storms, and tor- 
nadoes in this usual cauldron of early spring activity. 


CALIFORNIA STORMS—Along with the rest 
of the Pacific Coast and Plateau states, California 
enjoyed the most pleasant and serene mid-winter ex- 
perienced for many years. Under the protection of 
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a strong ridge which shunted North Pacific lows 
into Alaska, temperatures remained at high levels for 
the season to continue a trend of many months dura- 
tion. As noted above though, the circulation pattern 
commenced a new phase about mid-February: the 
Plateau ridge began to flatten out and the mid-Pa- 
cific trough moved eastward toward the California 
coast. Now the way was open for a grand parade 
of North Pacific type depressions to invade the conti- 
nent. For the next six weeks a series of very active 
cold fronts beat at the coastline with gale and 
occasionally hurricane force winds, drenched the 
coastal valleys with record intensity rainfall, and 
buried the mountain areas with record late-season 
snows—while here and there tornadoes, waterspouts, 
and intense thunderstorms struck to heighten the 
meteorological confusion. 

The first of the series of fronts swept southeast- 
ward on 24-25 February with gusts in excess of 75 
mph in the north and gales as far south as San 
Diego. So great was the damage that insurance au- 
thorities attached the “catastrophic classification” to 
the storm—the same disturbance which two days 
later was to develop blizzard conditions in the west- 
ern Plains. 

Another cold front moved in on 5-6 March with 
numerous thunderstorms and some local flooding in 
the Bakersfield area. The third of the series pushed 
down the coast on the 10th and then developed a 
complex system over the southern Plateau on the 11- 
12th, with a prolonged period of thunderstorms, haii, 
and tornadic conditions over the Golden State. 

A succession of unprecedented March rains com- 
menced in central and southern California with the 
arrival of the pressure impulse of 15-16 March. A 
24-hour downpour of 2.36” at Los Angeles was the 
heaviest ever recorded there in March. The disturb- 
ance dumped 49 inches of new snow at Soda Springs 
near Donner Pass, and gave San Francisco a big 
boost toward a record March rainfall. 

The rains struck again from the 20th to 23rd as 
an intense low off the coast threw moist air against 
the inland mountain barrier for two days before 
crossing the coastline. A 24-hour fall of 5.60” 
drenched Volmers in Shasta County on the 2Ist, 
and another 45 inches of snow further buried Soda 
Springs. San Francisco added over four inches to its 
swelling total. Extensive damage resulted through- 
out the state from floods and land slides which 
blocked major highways. 

This Noah-like deluge was followed by one of 
even greater duration and comparable intensity. 
Rain fell at San Francisco Airport on every day 
from 27 March to 7 April, the longest such period 
at this season since records commenced in 1849. 
During a 24-hour span 2.32” descended on the 2nd, 
with a one-hour drop of 0.96” being the most in- 
tense there at any time of the year since 1912. The 
first seven days of the month gave the Golden Gate 
city 6.74” which exceeded any total that a previous 
full April could show. This ended the wet splurge. 
Traces on the 17-18th were all that the rain gage 
could produce during the rest of the month as ridge 
conditions replaced the trough. In the High Sierras 
it was all snow. At Norden a ten-day fall of 120 
inches raised the total on the ground to 269 inches, 
the greatest early season blanket of record. 

This late-March early-April stormy period was 
actually composed of four pressure waves which 
moved southeastward across the whole state on 27- 
28, 29-31 March, and 2-3 and 5-6 April. Each of 
these disturbances moved inland a bit farther south 
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than its predecessor as is often the case with a se- 


ries of Pacific lows. With the passage of the im- 
pulse of 5-6 April, which later wrought havoc all 
the way to New England, sunshine returned to the 
Golden West and spring made a belated appearance. 


EVE OF SPRING SNOWSTORM—A wet 
snow commenced to fall in southwestern Virginia 
late on the evening of March 17th as a small storm 
center (1008 mb—29.76”) near Montgomery, Ala- 
bama, spread a precipitation shield northward. Tem- 
peratures were just above freezing in the vicinity of 
Roanoke, but further east the readings were near 
40° and rain fell. 

Twenty-four hours later, with the storm center 
moved 500 miles eastward well beyond Charleston, 
the precipitation area had become spotty with light 
rain falling from North Carolina to central New 
Jersey and light snow continuing over mountain 
areas. Nowhere was the precipitation even moder- 
ate, drizzle was frequently reported, and the north- 
ward progress of the rain area was very gradual. 

In view of the steady eastward movement of the 
center and the failure of the precipitation activity 
to develop momentum, forecasters early on Wednes- 
day considered the storm of little potential threat to 
the Middle Atlantic states; they foresaw continued 
“light rain or drizzle” for the coastal plain and Pied- 
mont. Just twenty-four hours later found almost 
the entire region east of the crest of the Appalachians 
from northern Virginia to southeastern New York 
enveloped in the most destructive snowstorm since 
the coming-of-age of the electric wire for power and 
communication. : 

A cruel combination of just above freezing tem- 
peratures and an almost unprecedented supply of 
March moisture produced a sticky, wet snow which 
adhered to all exposed objects. Wires, poles, and 
branches accumulated snow rings 3” to 4” and more 
in diameter, tumbling poles and snapping wires un- 
der the unbearable load. The destruction of trees 
and shrubbery was without parallel in this densely 
inhabited area of beautiful gardens and forests. 

So critical in snowfall accumulation were slight 
temperature differences of one or two degrees that 
an increase in elevation of 100 feet produced suffi- 
cient cooling to vary snow depths by many inches. 
For instance, at Baltimore’s Friendship Airport, 
southwest of the city, the heaviest snowfall extended 
from 1200 on the 19th to 1500 on the 20th (the 
temperature ranging from 33° to 35°), and 8.2” 
total snow fell with a maximum accumulation of 
7” at 0700 on the 20th. In the Mt. Washington 
section in northwest Baltimore, where temperatures 
were one or two degrees lower, accumulations of 24” 
to 30” were reported. In the Nation’s Capital the 
same situation prevailed: the airport at an elevation 
of 14’ reported but 5” of snow, while the northern 
suburbs had 20” and more. The increase in snow 
depth followed the altitude contours very closely. 

This circumstance was repeated at most urban cen- 
ters near tidewater to demonstrate the folly of try- 
ing to predict total snow accumulations for any siz- 
able area under such critical temperature conditions. 
In New York City the total snowfall at the south- 
ern end of Manhattan Island (The Battery) was 
6.8”, while just over the northern border of the city 
at suburban Eastchester the total was 22.5”. At 
Philadelphia’s International Airport on tidewater the 
deepest measurement was 6”, compared to snow 
depths of 40” at an elevation of 360’ only 20 miles 
to the west. 
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The belt of heaviest snowfall extended from ex- 
treme northern Virginia to southwestern Connecticut. 
In the rest of southern New England snowfall was 
moderate, but was not attended with major destruc- 
tion and discomfort. The following are some of the 
high figures reported to the Weather Bureau: 


Total Greatest 
Snow Depth 

Lincoln, Loudoun Co., Va. 

(500’) 33” 13” 
Mount Airy, Carroll Co., Md. 

(800’) 33" 29” 
Holtwood, Lancaster Co., Pa 

(180’) 33” 33” 
Devault, Chester Co., Pa. 

(360’) a 40” 
Geigertown, Berks Co., Pa. 

(400’) — 36” 
Branchville, Sussex Co., N. J. 

(570’) — 30” 
Layton, Sussex Co., N. J. 

(480’) 25” 6 ad 
Warwick, Orange Co., N. Y. 

(680’) 26” a 
Rock Hill, Sullivan Co., N. Y. 

(1545’) 25” — 
Norfolk, Litchfield Co., Conn. 

(1380’) 18” 50” 


Total rain and melted snow catches were phe- 
nomenal. In central Maryland many stations had 
storm totals in excess of 4.00”. At the central office 
of the Weather Bureau in downtown Washington 
the total was 5.15”. At New Park just over the 
Mason-Dixon Line in York Co., Pa., a 24-hour total 
of 4.63” was registered on the 20th. Conowingo 
Dam astride the Maryland-Pennsylvania border re- 
ported the peak amount of 5.70”. 

The storm center during the period of most in- 
tense precipitation on the 20th lay off the Delaware 
and New Jersey coasts, deepening during that day 
to a pressure of 988 mb. (29.18”). A further in- 
tensification brought the reading to 984 mb. (29.06”) 
by 0100 of the 21st when the center was off the tip 
of Long Island. Late on the 21st the depression per- 
formed a complete loop over Rhode Island and then 
moved off at a slow pace to the northeast, still caus- 
ing snow showers over Maine on the 23rd. Thus, 
for a full week a single storm center had stalked the 
Atlantic Coast states. 

The slow movement of the storm center, which 
permitted the uninterrupted flow of moist air over 
the Middle Atlantic states for so many hours, may 
be attributed to the blocking effect of the high pres- 
sure system over eastern Canada. One arm of the 
Canadian ridge extended southeastward aloft across 
New England to a high pressure ridge in the Atlantic 
—this prevented the low pressure trough associated 
with the coastal storm from moving east of the Ap- 
palachians. With its parent trough stalled west of 
the mountains, the surface low hugged the coast and 
crept northward at a snail’s pace, taking 72 hours 
to move from Cape Hatteras to Cape Cod, a dis- 
tance traversed by an unobstructed, fast-moving low 
in 12 hours. 
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Free Flight...FIXED Height! 


Problem: send an expandable neoprene balloon to a predeter- 
mined altitude and keep it from rising higher. Impossible? Ask 
Dewey and Almy! 

The new DAREX constant level balloon rises a thousand feet per 
minute to the height you specify. At the desired altitude, a pre-set 
valve automatically “bleeds” helium. Lift is cancelled . . . the 
balloon rides the level of constant pressure. 

In recent tests, these special DAREX balloons leveled off at a 
predetermined 72,000 feet for several hours, an accomplishment 
of prime significance to cosmic ray research and other fixed- 
altitude studies. 








Like a demonstration? You set the time . . . place . . . ceiling. 
4 W. R. GRACE & Co. . ._. since 1935, leading 
makers of captive balloons, 

DEWEY AND ALMY ceiling balloons, pilot bal- 
CHEMICAL DIVISION loons, kite balloons, sound- 


Cambridge 40, Mass. Montreal, Que. ing balloons, inflation kits. 

















No. 510 Farm Rain 
Gage. Direct reading 
plastic gage fits on fence 
post. Capacity six 
inches. $4.00 


INSTRUMENTS 


for 


AMATEURS 


No. 201 Hygrometer. 
Wet and dry bulbs with 
water bottle. Complete 
with tables. $10.00 








No. 312 Stormguide. Aneroid has 3” dial 
with forecast indication mounted in 51%4”’ case. 
$12.00 





No. 110A Maximum-minimum 
Max-Min Thermometer. 





U-shaped tube has metal indices which register 
highest and lowest. Complete with reset magnet. 
$12.00 
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No. 408 Ventimeter. Simple hand ‘No. 430 Wind Vane. Brass 
pressure tube indicates highest wind vane 18” long swings on mast 
speed. Reset by twist of wrist. $10.00 11” high. NES Wletters. $7.00 


WRITE FOR FULL CATALOG 


SCIENCE ASSOCIATES 


Instruments/Weather +  Astronomy/Teaching Aids 


P. O. Box 216 194 Nassau Street, Princeton, N. J. 















































NOW YOU CAN CHECK RELATIVE HUMIDITY 
ANYWHERE—NO SLINGING OR WHIRLING 


This brand-new Bendix-Friez Psvchron gives vou extremely 








accurate relative humidity and dew point information 
with just the flick of a switch. It is a battery-powered 
portable psychrometer designed and manufactured to meet 
rigid U. S. Weather Bureau specifications. 

Unlike ordinary sling psychrometers, the Bendix* Psy- 
chron requires no whirling or special technique to operate. 
Three standard-size flashlight batteries power a tiny fan 
that draws air over wet and dry bulb thermometers at a 
rate exceeding 15 F.P.S. As a result, the Psychron can be 
safely used in close quarters. It has a special thermal shield 
to avoid radiation effects for use in bright sunshine and 






Price includes metal 
carrying case, nylon 


built-in illumination for use in dark or poorly lighted areas. neck strap, psychro- 

. metric slide rule, 

Order direct from us or through our nearest dealer. For |-oz. plastic water 

- 7 > c . x . staaeat bottie and instruc- 

further information write: Bendix-Friez, 1412 Tavlor Ave., tion book contain- 

: 7 . ing humidity ond 
Baltimore 4, Maryland. “REG. U.S. PAT. PEND. nk autne sane, 


Friez Instrument By. 
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